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The introduction of N-heterocyclic carbene ligands that 
incorporate correctly substituted naphthyl side chains leads to 
increased activity and stability in second generation ruthenium 10 
metathesis catalysts. 
Olefin metathesis and in particular ring-closing metathesis 
(RCM) reactions promoted by transition metal catalysts have 
gained enormous importance in synthetic organic chemistry.1 
Especially valuable was the introduction of ruthenium-based 15 
N-heterocyclic carbene complexes (second generation 
catalysts, type A) a decade ago. Successful variations of the 
original catalyst design have since then appeared and have 
led, inter alia, to precatalysts B and C.2 Modification of the 
NHC ligand (SIMes/IMes) has also been studied. For 20 
example, changing the central 5-membered N-heterocycle (4- 
and 6-membered ring),3 or substituting one or two side chains 
with alkyl groups,4 have typically led to decreased activitiy 
and/or faster decomposition of the catalysts. On the other 
hand, introducing more bulky SIPr ligand did lead to 25 
increased activity for simple RCM reactions,5 but sterically 
more demanding substrates again lead to decreased stability 
and low product yields.6 Very small modifications of the 
original SIMes ligand architecture might prove more 
successful as shown by Grubbs et al. who have recently 30 
identified ligands with slightly higher reactivity or better 
activity for RCM of hindered substrates.7,8 Overall though, 
catalyst loadings for efficient RCM (or CM) of even 
unhindered substrates are still relatively high (1 mol% and 
more), and a better understanding of catalyst decomposition is 35 
therefore of major importance for the rational design and 
improvement of the NHC ligand in these metathesis catalysts. 
 
 
 40 
 
 
Recent work in our laboratories has lead to the synthesis of a 
promising family of new and stable saturated NHC ligands.9 
Herein, we report on variations of this ligand architecture 45 
(Scheme 1) and their use as NHCs in second-generation 
ruthenium complexes. We show how some of these new 
catalyst precursors are superior to Grubbs II in simple RCM 
and can be used with lower catalyst loadings for such 
substrates. At the same time, they show increased reactivity in 50 
ring-closing reactions leading to tetrasubstituted olefins. The 
specific structure of the naphthyl side chains appears to be 
responsible for this unusual reactivity pattern. More 
importantly, valuable information concerning the 
decomposition pathway of these catalysts was gathered and 55 
linked to the substitution on the naphthyl moieties. 
 
 
 
 60 
 
 
 
 
 65 
 
Scheme 1. Free N-heterocyclic carbenes used (above) and 
ruthenium precatalysts synthesized (below) 
 
Precatalysts of general formula [RuCl2(NHC)(=CHPh)(PCy3)] 70 
were prepared from RuCl2(=CHPh)(PCy3)2 (Grubbs I) by simple 
exchange of one phosphine with the corresponding NHCs 1a-e in 
toluene (Scheme 1).10 Appropriate workup gave complexes 2a-e 
in good yield. The syn/anti ratio of the free NHCs is maintained 
during synthesis of the complexes, which are therefore present as 75 
isomeric mixtures. Characterization of the new compounds 
includes crystal structure analyses and the ellipsoid drawings of 
syn-2b and anti-2a, anti-2d and anti-2e are illustrated in Figure 1. 
In order to determine the activity of complexes 2a-e, we first 
studied their behavior in the RCM reactions of diallyltosylamide 80 
(3) and diethyldiallyl malonate (4) using 1 mol% of precatalyst 
(27°C, 0.1 M substrate/solvent), following their conversion by 1H 
NMR spectroscopy. Parallel reactions were also performed with 
Grubbs II catalyst [RuCl2(SIMes)(=CHPh)(PCy3)] (GII). The 
plots of cycloalkene concentrations versus time in Figure 2 85 
(above) reveal that all five new catalysts (2a-e) effect the 
cyclization of substrates 3 and 4 with an increased reaction rate 
compared to GII. We then compared the catalysts under more 
forcing conditions and lowered the amount of precatalyst by an 
order of magnitude (0.1 mol%, Figure 2 below). These studies 90 
uncovered the following trends: firstly, precatalysts 2e and 
especially 2d are still extremely active and show conversion 
times comparable to the values obtained for GII at 1 mol%. 
Secondly, compounds 2a and especially 2b and 2c are clearly less 
active under these harsher conditions. A careful analysis of the 95 
shape of the kinetic curves shows that while the initial reaction 
rates are still higher than for GII, the activity of 2b and 2c 
decreases considerably with increasing conversion and reaction 
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time. This indicates that at least some of the precatalyst is 
deactivated over time as both 2b and 2c reach complete 
conversion only after prolonged reaction times.11 
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Figure 1. Ellipsoid drawings (30% probability) of complexes 2a 
(top, left), 2b (top, right), 2d (bottom, left) and 2e (bottom, right). 
 
 
 25 
 
 
 
 
 30 
 
 
 
 
 35 
 
 
 
 
 40 
 
 
Figure 2. Kinetic data for the RCM of 3 (left) and 4 (right), using 
1 mol% (above) and 0.1 mol% (below) of catalyst precursor. 
 45 
Decomposition pathways for NHC-containing ruthenium species 
have not yet been thoroughly investigated.12 The available data 
invoke intramolecular C-H activation of the side chain of the 
NHC ligand as one of the main culprits. Indeed, such a species 
was generated reproducibly in crystalline form from attempted 50 
crystallizations of complex 2c. An ellipsoid view of complex 2c’, 
together with the 1H NMR spectrum of its aromatic region, is 
shown in Figure 3. From a chemical point of view, decomposition 
product 2c’ is very unusual as it represents one of the very few 
characterized 14-electron complexes of ruthenium.13 The high 55 
unsaturation of this cis-divacant octahedral complex is alleviated 
by a rather strong agostic interaction with the C8-H8 bond of the 
non-metalated naphthyl side chain. Whereas the agostic 
interaction could not be detected in solution, close contact 
between H8 and other protons that are apparent in the X-ray 60 
structure of 2c’ are maintained in solution. A NOESY 2D NMR 
(CD2Cl2) shows a strong interaction between H8 and one of the 
protons of the heterocyclic backbone as well as with the proton of 
the cyclometalated naphthyl ring. Furthermore, several 
resonances associated with PCy3 appear as very broad features in 65 
the 1H NMR spectrum, again reflecting the steric crowding in 2c’ 
and the short Ru-P distance [2.2439(6)Å] observed in the solid 
state. Finally, the singlet for the cis-bound PCy3 is found at 
significantly lower field (77.6 ppm) relative to 2a-e and GII. 
 70 
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 80 
Figure 3. Ellipsoid view (30% probability) and 1H NMR 
spectrum of decomposition product 2c’.  
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Figure 4. Plausible order of C-H activity for different side chains. 
 
At present, it is not clear how 2c’ is generated from 2c.14 
Nevertheless, differences in the catalytic activities of complexes 95 
2a-2e may be correlated to the availability of the decomposition 
pathway of 2c. Blocking the C7 position of the naphthyl side 
chains (precatalyst 2d) significantly lowers the propensity for C-
H activation at the C8-H8 position and leads to the most active 
catalytic system here. With precatalysts 2a and 2e (2-substitution 100 
only), the higher steric bulk of 2e hinders rotation of the naphthyl 
side chain more efficiently and lowers the risk of decomposition 
via C-H activation, which in turn translates into the increased 
reactivity observed for 2e when compared to 2a. Finally, the 
higher electron-density at the C8-H8 position when introducing 105 
alkyl substituents at C6 seems to enhance the likelihood of C-H 
activation and leads to the least active catalyst systems 2b and 2c. 
Extending this line of thought to available data on similar 
decomposition through C-H activation of simple aryl-substituted 
SIMes,12a,b,e and its derivatives,12c,d would then lead to a ranking 110 
as shown in Figure 4 for the propensity of the precatalysts to 
undergo this deactivation path.15 
To further assess the reactivity of complexes 2a-e, we turned our 
attention to the most challenging RCM reaction, the one leading 
to tetrasubstituted olefins (Figure 5). Building upon recent reports 115 
describing the beneficial effects of C6F6 in these difficult RCM 
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reactions,16 we first tested the tosylate derivative 7. With the 
exception of precatalyst 2c (limited solubility in C6F6 at RT), the 
RCM of this substrate reached conversions of 78-85% after 4.5 
hrs at 27°C with 1 mol% of catalyst (>90% after 20 hrs), Again, 
GII was considerably less effective (51% conversion). With 5 
slight heating (60°C), conversions of ≥95% were reached with all 
new catalysts within 30 minutes. Diethyldimethallyl malonate (8) 
is known to be even more reluctant to undergo RCM. After 
testing several reaction conditions, we found that reactivity 
benefits from ultrasonication and comparative sonication 10 
reactions were performed with a gradual increase in temperature 
(from 25°C to 70°C, 4 h, 5 mol% catalyst). Conversions in this 
case were incomplete and reached levels ranging from 68% (GII) 
to 85% (2a). As noted previously,8,16b slightly less sterically 
demanding NHC side chains such as in Grubbs’ [RuCl2{(2)-15 
SIMePh}(=CHPh)(PCy3)] (GII’),8a and in our previously 
reported [RuCl2{(2,7)-SIMeNap}(=CHPh)(PCy3)] (11),9 results 
in catalysts that effect complete cyclization to product 10. Sterics 
clearly play an important role in the RCM of such substrates and 
the interpretation of higher catalyst stability resulting in better 20 
reactivity cannot directly be applied for these transformations. 
 
 
 
 25 
 
 
 
 
 30 
 
 
 
Figure 5. Conversion to tetrasubstituted olefin products starting 
from substrates 7 (left) and 8 (right). 35 
 
In conclusion, the present study on the RCM behavior and 
stability of complexes 2a-e shows that by appropriately 
modifying the ligand architecture of SIMes (GII catalyst), both 
higher activity and better stability can be achieved. The 40 
substitution of simple aromatic rings with naphthyl side chains on 
the NHC offers the advantage of more effectively controlling and 
minimizing the availability of carbon-hydrogen bonds that react 
with the ruthenium center via C-H activation. In practice, two 
precatalysts (2d, 2e) were identified that clearly outperform GII 45 
for normal substrates and show increased RCM activity with 
challenging substrates. Preliminary data also indicate that 
catalysts 2d and 2e are more active in cross and enyne metathesis 
reactions than GII. Further fine-tuning of the substitution pattern 
on the naphthyl side chains is underway. 50 
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